Introduction
The effect of the space charge on the betatron frequencies (QH, QV) of a beam consists of a progressive shift and curvature of the original Q-distribution or working line in the stability diagram QR-QV as further protons are added to the beam. Owing to this shift, low order non-linear resonances or the coupling resonance QR = 'QV may penetrate into the stack and adversely affect the beam's lifetime, the background conditions or the luminosity.
In addition, the local Q-shifts are not uniform across the whole aperture.
The resulting change in curvature of the working line can locally reduce the Q-spread. At these positions, the beam becomes vulnerable to transverse instabilities. It was, therefore, important to measure the Q-shifts inside a stack. These results were used to design a working line which, under the influence of the stacked beam, becomes straightened and moves into a region in the stability diagram suitable for physics experiments.
Q-Measurements inside a Stack
The first method used in the ISR was proposed by iv'. Scinelll.
It consists of comparing the positions of a given non-linear resonance in the presence of e small beam of some tens of milliampere and of a stack of several ampere. In both cases, the position of the resonance is detected by the loss of' particles which are excited to amplitudes greater than the aperture. This loss is localized by recording the radio frequency ( RF ) signal generated on a pick-up electrode by scanning a stack with empty buckets ( RF scans). shows the principle of measurement and how the Q-shift (AQ) is deduced from the positional change (Ax) and the slope Q' = pdQ/dp of the working line for the third order resonance 3 QH = 26. For intensities (I) es high as 5 A, Q at the centre of a stack varies linearly with I and follows the relationship: AQ~ = 0.002 I ; AQv = -0.0025 I for e current density across the eperture,p=0.17
A/mm and a momentum of 22 GeV/c. This method becomes intractable when the complete Q-distribution is needed since it demands as many stacks and magnetic settings as points of measurement.
A second method which provides the Q-shift at several positions inside a stack of protons has been developed. It is based on the technique of RP knock-out in which e pulsed RF electric field of frequency fb excites a growing coherent oscillation in a thin slice of the beam in either the horizontal or the vertical plane according to the direction of the field. The width of the slice is a function of the average deflection angle per turn (6) and of the yion of the pulse (1). The values chosen were 3.10-rad for 6 and 50 ms for T. The Q-value is deduced from fR via the relationship:
f, where the mode number n is equal to either 8 or 9 and the revolution frequency is 317.8 kHz. The positions of the localized blow-ups in the beam can be detected as previously mentioned. The oscillogram of the RF scan shows that the dips are sufficiently narrow to make these measurements comparable to those using a nonlinear resonance.
Figure 2. Diagram of the RF knock-out system
Based on the RF knock-out principle, a system was developed to measure the distribution of QH and QV across the entire beam with practically no losses (Fig. 2) . The beam is simultaneously modulated in the longitudinal phase space by RF empty buckets at the thirtieth harmonic fB of the revolution frequency and kicked vertically or horizontally at frequency fs. As the.empty buckets cross the oscillating part of the beam, a signal at the beating frequencyoffR and fS is picked up at an observation electrode, fiitered and mixed with the master oscillator signal of frequency fg. A correlation is then made with the signal of frequency fg which drives the coherent transverse oscillation in the beam. 'The analcgue voltage of fB is superimposed on the output signal of the correletor, which nets as a marker, nnd is Tpplicd to the vf:rticnl plates of an cscilloscope while the analogue voltage of fB is applied to the horizontal plates.
The number of measuring points is determined by the ratio of t'he modulation frequency of fg to the modulation frequency of fS, e.g. 20 in the present case. A typical oscillogram of Qvalues at the position of the markers is displayed in Figure 3 . The Q-shifts A&~(X) and oQv(r) measured in this way for a 22 GeV/c stack of 8 A extending from -16 mm to +40 mm about central orbit are given in Figure 4 . 
